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NASA 

National Aeronautics and 
Space Administration 


The American space program draws 
on the best scientific and engineering 
talent in this country. The combined 
effort of our Federal, academic, and in- 
dustrial team members has produced 
an expanding technology base so 
powerful that many formidable engi- 
neering challenges faced by man are 
being solved dramatically and expedi- 
tiously. 

It is in the best interest of the 
United States to use its space technol- 
ogy in as broad a manner as possible. 
Every citizen benefits directly from 
our national investment in space activi- 
ties. Indeed, advances in metallurgy 
and in the electronic and computer sci- 
ences benefit many facets of life. 

The National Aeronautics and Space 
Administration is particularly proud of 
the manner in which the technology of 
the aeronautics and space program is 
being applied to specific problems in 
medicine and physical rehabilitation. 
Our technology transfer process has 
contributed significantly to recent ad- 
vances in the biomedical sciences. 

This book has a two-fold purpose — 
to inform and to stimulate. First, we 
want to show the breadth of the prob- 
lems in medicine and rehabilitation 
which are benefiting through use of 
technology from our aeronauctics and 
space program. Second, we want to 
encourage more individuals and indus- 
tries to participate in our technology 
transfer process and to apply this 
technology to an even wider range of 
medical problems. 

Isaac T. Gillam IV 
Assistant Administrator 
for Commercial Programs 


. . for the benefit of all 
mankind ” 

These words from the National Aero- 
nautics and Space Administration 
Space Act of 1958 serve as a mandate 
for the technology transfer and utiliza- 
tion efforts of NASA. For a quarter of 
a century, NASA has operated at the 
pinnacle of high technology within the 
Federal establishment. It could not be 
otherwise as we address the enor- 
mous challenge of moving men and 
machines at an increasing pace into a 
multitude of space missions. The suc- 
cess of these missions — ranging from 
manned exploration of the moon to 
servicing of orbital satellites — is well 
known. The advanced technologies de- 
veloped to support these missions are 
not as well known but are every bit as 
impressive. Materials that withstand 
the radical temperature extremes in 
space, electronic switches which op- 
erate at distances of millions of miles, 
valves functioning with unbelievable 
precision and reliability — all flow from 
NASA Research and Development 
programs. 

The National Aeronautics and Space 
Administration is committed to insur- 
ing that its technological achievements 
extend beyond the direct needs of 
space missions to the general benefit 
of all citizens. The transfer of aero- 
nautics and space technology to bio- 
medical needs is an excellent example. 
This report describes a number of ef- 
forts in which this technology, as pro- 
vided through the NASA Technology 
Utilization activities and its academic 
and industrial team members, is offer- 
ing real time improvement in the quali- 
ty of life to those citizens with medi- 
cally related problems. 

Raymond R Whitten 
Chief Terrestrial Applications, 
Technology Utilization Division 


NASA Technology 
Transfer 


Windows Of Opportunity . . . 

Past, Present and Future 

Through twenty-five years of research 
and technology development in a vari- 
ety of fields, the National Aeronautics 
and Space Administration has amassed 
an array of technologies to meet its 
many mission needs and which, in 
turn, can be well applied to Earthly 
problems. These advanced technolo- 
gies cover such fields as materials, 
electronics, computer science, bio- 
medicine and robotics. Of particular in- 
terest here is the process whereby 
NASA technology is transferred into 
medical engineering and the develop- 
ment of systems to support the ill, 
handicapped and infirm. 

NASA is committed to helping in- 
dustrial organizations, academic in- 
stitutions, and public sector organiza- 
tions make effective use of the 
technologies developed under NASA 
auspices. A significant part of the 
NASA organization and resources is 
committed to the technology transfer 
process. 

NASA’s approach is to create win- 
dows of opportunity that enable pri- 
vate organizations to develop market- 
able products through application of 
NASA-developed technology. Each 
window focuses upon possible matches 
between a problem requiring a tech- 
nical solution and specific, available 
technologies from NASA. This report 
describes some successes in the 
“Windows of Opportunity” Program — 
those in the past where the transfer is 
complete and products are commer- 
cially available, those in the present 
which are in the process of transfer, 
and those in the future for which initial 
concepts and development efforts are 
being formed at this time. 


The Organization 

The key components in the transfer of 
NASA technology to meet biomedical 
needs include: 

Terrestrial Applications. 

A branch of the Technology Utilization 
Headquarters activity within the Na- 
tional Aeronautics and Space Adminis- 
tration, which establishes policy for 
the biomedical transfer process, allo- 
cates resources and coordinates activ- 
ities among the operating units. This 
office serves as the main link in estab- 
lishing a working relationship with 
other Federal agencies such as the 
Veterans Administration and the Na- 
tional Institutes of Health. Coopera- 
tion with these and other Federal 
agencies is most important in the 
transfer process. 

Technology Utilization Officers. 

These individuals manage the par- 
ticipation of NASA Centers in all tech- 
nology utilization activities. They par- 
ticipate in the identification of prob- 
lems and survey NASA scientists and 
engineers for technology and expertise 
that can be applied to the problem. 
They also coordinate contracting activ- 
ities with industry as the technology is 
being prepared for evaluation and po- 
tential commercialization. 


Technology Applications Team. 

This team, located at the Research 
Triangle Institute, North Carolina, and 
supported by the National Aeronautics 
and Space Administration, aids NASA 
Headquarters in the coordination of 
biomedical transfer, works with NASA 
Field Center personnel on specific 
projects, and provides liaison support 
with other federal agencies, state or- 
ganizations and industry as required. 
Program methodology and activities of 
the technology applications team are 
to (1) identify problems through inter- 
action with clinicians and medical re- 
searchers, (2) identify and screen ap- 
plicable NASA technology that meets 
the medical needs, (3) develop com- 
mercialization strategies, and (4) 
transfer potential medical innovations 
to private industry or institutions for 
final development and marketing. 

Private organizations and individuals 
may contact the National Aeronautics 
and Space Administration concerning 
any biomedical topic which might ben- 
efit through the utilization of aero- 
nautics and space technology. The fol- 
lowing map shows the general location 
of points of contact. More detailed in- 
formation concerning the organization 
and its additional accomplishments may 
be found in a publication entitled 
“Spinoff, ” published annually by the 
National Aeronautics and Space Ad- 
ministration. 




• Terrestrial Applications 
NASA HQs 

• Field Center Technology 
Utilization Officers 

• Technology Applications Team 
Research Triangle Institute 



Technologies That 
Have Transferred 






Wheelchair Development 



Programmable Pacemakers 

Cardiology Mannequin 

Advanced Defibrillator 
Monitoring System 

Human Tissue Stimulator 

Automicrobic System 
(AMS) 

Lixiscope 

Spacestat Blood Analyzers 

Aseptic Fluid Transfer 
System 

Chromosome Analysis 
Muscle Biopsy 

Ultrasound Imaging 

Eyetracker and Stabilized 
Laser Photocoagulator 

Gait Analysis 






8 

10 

11 

12 

13 

14 
16 

17 

18 

19 

20 
22 
23 






1 


Wheelchair Development 


The ability to move freely is the es- 
sence of life in modern society. A spe- 
cial burden for the handicapped is lack 
of mobility. To ease this burden, wheel- 
chairs have long been in use. At this 
time, some 700,000 people in the 
United States rely on wheelchairs for 
mobility. 

Wheelchairs have a variety of de- 
signs developed to meet different 
needs. There are depot wheelchairs 
for use in airports and other public 
places, hospital wheelchairs designed 
to meet special requirements (I.V. bot- 
tles, leg casts, etc.), drugstore wheel- 
chairs for short-term users, prescrip- 
tion wheelchairs for chronic 
disabilities, and sports wheelchairs. 
Power is provided by an attendant, the 
handicapped person, or a separate 
power source such as batteries. 

Designers are drawing on today’s 
advanced technologies to meet the 
many requirements of improved wheel- 
chairs. One requirement is for better 
strength. Engineers at the NASA 
Langley Research Center are working 
with scientists at the University of Vir- 
ginia Rehabilitation Engineering Center 
in a program to develop computer- 


aided design procedures for wheel- 
chairs. A structural analysis of wheel- 
chairs based on a finite element com- 
puter program is being utilized to 
identify critical areas of stress buckling 
and vibration. With this system, a 
sports wheelchair has been modeled 
using a particular load distribution and 
set of structural constraints. Results 
will lead to stronger wheelchairs with 
better ride quality. 

Size and weight also present a prob- 
lem. Conventional-use wheelchairs 
fabricated from metallic tubular ele- 
ments are frequently heavy and diffi- 
cult to handle — especially during stor- 
ing and retrieving from automobiles. In 
addition, the metallic wheelchairs are 
subject to corrosion and fatigue dam- 
age during normal use. These difficul- 
ties have been eased recently through 
efforts of a multi-organizational coop- 
erative program leading to the devel- 
opment of a lightweight, folding, con- 
ventional wheelchair constructed 
largely from advanced composite ma- 
terials. 

A prototype composite chair was 
designed by the University of Virginia 
Rehabilitation Engineering Center in 



The wheelchair of yesteryear 


an effort coordinated by NASA’s Re- 
search Triangle Institute Technology 
Applications Team and with support 
from the National Institute of Handi- 
capped Research and the NASA Lang- 
ley Research Center. The prototype is 
made of Langley-furnished composite 
materials and weighs only 24 pounds, 
about one-half the weight of a standard 
wheelchair. It can support a 200-pound 
person, is easily folded, and can be 
stowed with little effort. 

The composite chair makes exten- 
sive use of modem aerospace mate- 
rials which offer very high strength 
and low weight. This development pro- 
gram exemplifies the manner in which 
aeronautics and space technology is 
being used to improve the quality of 
modem life. 
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A prototype wheelchair made of composite 
materials offering exceptional strength and 
light weight. 




A prototype lightweight wheelchair de- 
signed especially for airline use. The de- 
sign draws on aerospace technologies for 
structural analysis and materials engineer- 
ing. 
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Programmable 

Pacemakers 


The development of cardiac 
pacemakers is an outstanding example 
of the manner in which biomedical 
technology can produce a real improve- 
ment in the lifestyle of the ill and hand- 
icapped. The remarkable medical 
achievements seen in this and other 
fields during the past twenty years are 
intimately related to progress in the 
aerospace sciences. The cardiac 
pacemaker project also illustrates the 
manner in which Federal agencies, ac- 
ademic institutions, and industrial or- 
ganizations can establish a productive 
and synergistic working relationship. 

Diseases of the heart remain the 
leading cause of death in the United 
States, although the picture improves 
every year. Many fatal heart attacks 
result from a malfunction of the neu- 
roelectric control system that regu- 
lates the periodic contraction of heart 
muscles. With early detection of such 
malfunction, a pacemaker can be im- 
planted to generate an electrical pulse 
that controls heart muscle con- 
tractions. 

Early pacemakers, developed 
through a NASA Goddard Space Flight 
Center program on hybrid circuit tech- 
nology, used mercury-zinc batteries 
which were heavy and shortlived. Sur- 


gical replacement of the battery was 
necessary every eighteen months or 
so. This picture changed in the late 
1960s when the Johns Hopkins Univer- 
sity Applied Physics Laboratory pro- 
posed a recharging concept based on 
electromagnetic transmission through 
the intact skin. Rechargeable batteries 
of the type used in satellites could 
solve the pacemaker short life prob- 
lem. 

In 1973, Pacesetter Systems, Inc. 
of Sylmar, California, working with the 
Applied Physics Laboratory and the 
Medical Institutions of the Johns 
Hopkins University, perfected the first 
commercially available model of a re- 
chargeable pacemaker. This employs a 
hermetically sealed rechargeable unit 
containing a single-cell nickel-cadmium 
battery such as those used in most 
satellites. Today, an even more ad- 
vanced battery based on lithium elec- 
trochemistry is used. This has excep- 
tionally high energy densities and a 
very low self-discharge rate. 

Pacemaker technology had another 
advance in 1979 when a programmable 
unit was introduced. Pacesetter Sys- 
tems developed Programalith, a sys- 
tem with two-way communications ca- 
pability based on technologies 



developed by NASA to send coded in- 
structions to unmanned satellites. The 
Programalith system allows a physician 
to communicate with a patient’s 
pacemaker by means of wireless te- 
lemetry signals. Where earlier 
pacemakers delivered a fixed type of 
stimulus once implanted, the Pro- 
gramalith system can be “fine-tuned” 
to meet each patient’s individual 
needs. As many as six heart stimulat- 
ing functions; for example, pulse rate, 
amplitude, and width, can be adjusted 
as necessary. When reprogramming is 
complete, the system sends back a 
copy of the new settings from which a 
permanent record can be made. 

Recent technology developments by 
Pacesetter Systems have been di- 
rected toward an Advanced Function 
Pacer, which offers an implantable de- 
vice smaller than any Programalith unit 
and incorporates substantially in- 
creased programming capability. This 
system is capable of sensing and stim- 
ulating either or both chambers of the 
heart and offers both better control 
over and monitoring of heart function. 


The Advanced Function Pacemaker II 283 
by Pacesetter Systems, Inc. features 14 
programmable parameters, is 10mm 
across, and weighs 50 grams. 
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PACESETTER SYSTEMS INC. 
Uersion 1 . 5 


Stored ‘lelenietrs Data 


DATE: FEB 

MODEL : 283 

PATIENT: 

PHYSICIAN- 


FEB 16, 1384 4:10 PM 

283 SERIAL: 1271 


PROGRAMMED PARAMETERS 


Progianunable Patainetei.- —I 


Lead Unpedatiu 



MODE DDX 

RATE 70 PPM 

UENTRICULAR CHANNEL: 

REFRACTORY 250 MSEC 

PULSE WIDTH 0.6 MSEC 

PULSE AMPLITUDE 5.0 'JOLTS 

SENSITIUITY 2.0 MUOLT 

ATRIAL CHANNEL : 

REFRACTORY 250 MSEC 

PULSE WIDTH 0.6 MSEC 

PULSE AMPLITUDE 5.0 'JOLTS 

SENSITIUITY 1.0 MUOLT 

AU INTER UAL 165 MSEC 

MAX. TRACK RATE 130 PPM 

BLANKING PERIOD 13 MSEC 

MAGNET : ON 

MEASURED DATA 

PACEMAKER RATE 70.0 PPM 

MAGNET RATE 80.0 PPM 

CHANNEL MEASUREMENTS : 

UENTRICLE ATRIUM 

PULSE 'JOLT AGE 4.3 4.3 'JOLTS 

PULSE CURRENT S.4 3.6 MAM PS 

PULSE ENERGY 31 2S JOULES 

PULSE CHARGE 7 6 ^COULOMBS 

LEAD IMPEDANCE 521 510 OHMS 

BATTERY DATA: < W.G.S074 - NOM.2.3 AHR ) 

IMPEDANCE 1.0 KOHMS 

'JOLT AGE 2.71 UOLTS 

CURRENT 28 fAMPS 


TEST RESULTS 


UENTRICULAR R-WAUE AMPLITUDE: 7.0 MUOLTS 
SAFETY MARGIN: 3.5:1 

UENTRICULAR CAPTURE THRESHOLD: 1.5 'JOLTS 
AT 0.6 MSEC PULSE WIDTH 

ATRIAL P-WAUE AMPLITUDE: 2.5 MUOLTS 
SAFETY MARGIN : 2.5:1 

ATRIAL CAPTURE THRESHOLD: 1.8 UOLTS 
AT 0.6 MSEC PULSE WIDTH 


Programmed lelt meti v 
1 Mia 


| — Mi -.toured lelemetn Data 


Pulse Output Data 


-Battery Data 


Printed record from Advanced Function 
Pacemaker. 
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Cardiology Mannequin 


The evaluation of cardiovascular dis- 
ease relies heavily on the physician’s 
examination. The bedside findings 
from this examination allow initial diag- 
noses among a variety of heart condi- 
tions and guide the use of complex lab- 
oratory procedures. The development 
of effective diagnostic skills, however, 
requires a physician first to see pa- 
tients with the full spectrum of heart 
disease at various stages in develop- 
ment. Second, the examination skills 
must be practiced routinely and re- 
petitively. To achieve this with actual 
patients is difficult and expensive. The 
Cardiology Patient Simulator, 

“Harvey,” capable of simulating a wide 
range of heart conditions, represents a 
cost-effective means of meeting these 
training objectives. 

The cardiology mannequin is capable 
of simulating virtually unlimited cardiac 
disease states. Synchronized bilateral 
arterial (carotid, brachial, radial, and 
femoral) and jugular veinous pulsa- 
tions, precortial movements, respira- 
tion, blood pressure, and auscultation 


in the four classic acoustic areas are 
exactly simulated. Complex acoustic 
events vary with respiration when ap- 
propriate. Slide programs display back- 
ground data for each disease state to 
increase the realism and effectiveness 
of training. 

The Cardiology Patient Simulator 
program has been guided by Dr. Mi- 
chael S. Gordon, Professor of Cardiol- 
ogy at the University of Miami (Flor- 
ida) School of Medicine. Physicians 
and scientists from other medical cen- 
ters, including the University of Arizo- 
na, Duke University, Emory Univer- 
sity, the University of Florida, 
Georgetown University, the Mayo 
Clinic, and the University of Nebraska, 
as well as the National Heart, Lung 
and Blood Institute have participated 
in the program. Industrial organiza- 
tions and NASA, which provided dis- 
play technology for the presentation of 
training materials, also participated. 

Harvey is becoming an accepted in- 
structional system. An evaluation un- 
der the auspices of the National Heart, 



Lung and Blood Institute found that 
students who trained with this system 
scored higher on tests of cardiology 
knowledge and showed improved per- 
formance when examining actual pa- 
tients. 

There are currently eighteen Cardi- 
ology Patient Simulators in use, includ- 
ing one in Thailand and one in Japan. 
“Harvey” is used to instruct nurses, 
fourth-year medical students, and for 
other educational purposes. The pro- 
duction of the current model (third 
generation) is being done through the 
University of Miami in Florida. 
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Advanced Defibrillator 
Monitoring System 


Victims of heart attacks require imme- 
diate and proper care. If cardiac arrest 
occurs when no one else is present, it 
is fatal. The prospects for recovery 
are good, however, if treatment is 
given promptly and circulation main- 
tained until the victim reaches a hospi- 
tal. If the attack occurs when the pa- 
tient is in a hospital, prospects are 
even better. If cardiac arrest is caused 
by ventricular fibrillation, the heart- 
beat often can be restored with a de- 
fibrillator, an apparatus that briefly 
passes an electric current through the 
heart. 

The defibrillator sends an electric 
shock to the heart via two metal plates 
positioned properly on the chest wall. 
This method of restarting a stopped 
heart mimics a natural process in 
which impulses from the right atrium 
spread through the heart in the normal 
beating pattern of the heart. Once the 
defibrillator has imposed a normal pat- 
tern of electrical activity, the pattern 
usually will be sustained by the heart. 
For it to be successful, however, the 


defibrillator must be readily accessible 
and put into immediate use. 

The advanced defibrillator monitor- 
ing system is light-weight, portable 
and easy to operate. It combines the 
defibrillator contacts (paddles) with a 
microprocessor-based monitoring sys- 
tem to display both treatment and pa- 
tient information. The advanced de- 
fibrillator monitoring system is an 
outgrowth of an earlier NASA project 
known as the Physician’s Black Bag, a 
portable monitoring/treatment unit de- 
veloped for the Johnson Space Center 
by Telecare, Inc., known following ac- 
quisition as Narco Bio-Systems, in 
Houston, Texas. 

The advanced defibrillator monitor- 
ing system is designed principally for 
use in a hospital environment. It incor- 
porates sealed membrane key-switch 
controls in a work station layout. Each 
emergency operating step is indicated 
in numerical sequence for quick appli- 
cation, even with inexperienced users. 
There is a built-in annotating recorder 
and clock for complete documentation 



of its use in a fibrillation event. 

This system, although designed for 
hospital application, now is being con- 
sidered as part of a prototype life sup- 
port module for possible application 
aboard future Space Shuttle flights. As 
the population of Space Shuttle 
crewmembers becomes more diverse, 
the possibility of a cardiac episode 
must be considered. Appropriate treat- 
ment equipment must be available as 
part of the on-board medical system. 


11 







Human Tissue 
Stimulator 


Neuromuscular difficulties, in particu- 
lar the problem of chronic pain, often 
can be helped by electrical stimulation 
of nerve and muscle tissue. Chronic 
pain from arthritis, rheumatism, and 
other disorders affects at least ten 
percent of the population. Several 
thousand of these obtain regular relief 
through electrical stimulation proce- 
dures. Devices in present use, how- 
ever, require an external power source 
and a transmitting coil taped to the 
skin twenty-four hours a day. A device 
of this type is uncomfortable, inconve- 
nient, and generally unreliable, often 
with a greater than ninety percent an- 
nual failure rate. 

Pacesetter Systems, Inc., of Syl- 
mar, California, working with the Ap- 
plied Physics Laboratory of The Johns 
Hopkins University, has developed the 
Human Tissue Stimulator. This is an 
implantable device offering a solution 
for most of the problems found with 
earlier stimulation systems. The new 
device is based on technology devel- 
oped at NASA Goddard Space Flight 


Center and employed in the Small As- 
tronomy Satellite-3. The Human 
Tissue Stimulator incorporates a nickel 
cadmium battery, telemetry and com- 
mand systems technologies derived 
from those used with the satellite and 
reduced to microminiature propor- 
tions. The implantable element is the 
size of a deck of cards. 

The first two stimulator units to be 
implanted were quite successful. In 
one, a patient with severe involuntary 
movement disorders from multiple 
sclerosis achieved complete control 
over the tremors. In the second, a pa- 
tient who suffered excruciating pain 
from a wrist injury incurred in a fall re- 
ported immediate relief from the pain. 
Based on the success of these trials, 
Pacesetter Systems is moving to com- 
mercial production. 

The field of electrostimulation is ad- 
vancing to encompass complex neu- 
rological disorders. Pacesetter Sys- 
tems now has developed the 
implantable Neurolith 601 as a promis- 
ing device for the treatment of the 



spasticity of cerebral palsy and for the 
suppression of epileptic seizures. The 
device has been shown to be safe and 
effective in over one hundred cerebral 
palsy patients. The next phase will be 
the development of fully programmable 
neuropacers adjustable through micro- 
processor technology to the changing 
needs of the individual patient. 


The Pacesetter Neuropacer with its pro- 
grammer/monitor. 
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AutoMicrobic System 
(AMS) 


Any innovation that offers reduced 
hospital stay time is a welcome ad- 
vance in health care service because of 
the potential for saving money for both 
the patient and the hospital. One such 
time-saving innovation, based on aero- 
space technology, is an automated sys- 
tem used by hospital laboratories to 
detect and identify microorganisms 
that cause infection. It has the addi- 
tional capability to test these organ- 
isms to determine which treatment 
would be most effective in eradicating 
them. 

Vitek’s AutoMicrobic System (AMS) 
is the product of years of research and 
development by McDonnell Douglas 
Corporation. The project originated in 
a NASA-sponsored study aimed at de- 
veloping a fully-automated microbial 
detection and identification system for 
the space program. AMS is now com- 
mercially available through Vitek Sys- 
tems, Inc., Hazelwood, Missouri, a 
McDonnell Douglas subsidiary. 

The traditional method of testing for 
harmful organisms or pathogens re- 


quires several steps. First, specimens 
of body fluid — urine, for example — or 
swabs from infected areas of the 
body — throat, for example — are pre- 
pared in cultures. These cultures are, 
in effect, “food” for specific types of 
microbes. Next, the cultures are incu- 
bated for two to three days and stud- 
ied for cell growth. From such study 
microbiologists then can determine the 
presence of disease-producing organ- 
isms and identify the pathogens. 

The AMS does the same job quick- 
er. Specimens from patients are pre- 
pared in culture in miniaturized form. 
Over 30 tests can be done simultane- 
ously on the same microorganism in a 
kit approximately the size of a playing 
card. During an incubating cycle in the 
AMS, an electro-optical scanner stud- 
ies each kit once an hour. Changes in 
cell growth are monitored and analyzed 
by computer. The AMS automatically 
reports its findings after sufficient data 
are collected. This information is 
printed and displayed on a CRT 
screen. 



The AutoMicrobic System enables 
the microbiology laboratory to furnish 
guidelines to a patient’s doctor for anti- 
microbial therapy the day after a spec- 
imen is collected. This amounts to a 
time saving of 50 to 80 percent over 
standard laboratory methods. The 
system also minimizes human error, 
reduces technician time, and increases 
laboratory output, for the AMS can 
handle up to 240 patient specimens at 
one time. Of greatest importance to 
the patient is shorter stay in the hospi- 
tal due to faster analysis of the infec- 
tion and earlier treatment. 
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Aerospace technology has led to the 
development of a portable X-ray image 
intensifier called Lixiscope which 
promises to be useful in a number of 
applications in medical and dental fluo- 
roscopy and intensifier-assisted radiog- 
raphy, making it possible to use a 
weak radiation source and potentially 
reducing the dosage to the patient and 
radiologist. Such a combined radiation 
source and image intensifier is so com- 
pact that for certain fluoroscopic ex- 
aminations a truly portable system can 
be brought to the homes of bedridden 
and handicapped patients. 

The Lixiscope — which stands for 
Low Intensity X-ray Imaging 
SCOPE — evolved out of the technolo- 
gy intended to observe celestial X-ray 
objects from orbiting satellites. In X- 
ray astronomy the intensity of the ra- 
diation received is extremely low. As- 
tronomers sometimes want to observe 
objects so faint that the imaging sys- 
tem must respond to only one photon 
of radiation at a time. In the laboratory 
of NASA's Goddard Space Flight Cen- 
ter, scientists developed an image in- 
tensifying device that capitalized both 
on the high efficiency of existing rare- 
Earth phosphor screens (which detect 
and convert X-rays into visible light) 
and the high visible-light gain of cer- 


tain night vision image intensifies in 
amplifying the resulting light. 

Because the energy range of X-rays 
used in medical diagnostics is similar 
to the energy range of celestial X-ray 
objects, such a low-intensity X-ray 
imaging system is also well suited for 
some medical applications. 

The original Lixiscope uses a tiny 
radioactive source as its supply of X- 
rays, making it a nearly pocket-size 
system. However, radioactive sources 
are unable to supply the ideal energy, 
intensity, or spectral distribution of X- 
rays in some applications. For such 
cases a miniature battery-operated X- 
ray generator has been developed re- 
cently at NASA's Goddard Space 
Flight Center. With the X-ray gener- 
ator, the energy, intensity and spectral 
distribution of X-rays can be adjusted 
at will. Therefore, in addition to radio- 
active sources, the miniature X-ray 
generator should make the Lixiscope 
even more versatile in a large variety 
of medical and industrial applications. 

Currently, Lixiscopes with radioac- 
tive sources are being manufactured 
by Lixi, Inc. , Downers Grove, Illinois. 
A number of companies have also ob- 
tained licenses from NASA to man- 
ufacture Lixiscopes with the miniature 
X-ray generator. 
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Space Stat Blood 
Analyzers 



Regulation of blood electrolytes is cru- 
cial for well being. High blood pres- 
sure, dehydration, urine loss, diar- 
rhea, kidney failure, diabetic coma and 
certain types of brain injury all affect 
sodium levels. Potassium levels can be 
critical since abnormal amounts can 
cause disturbances in the cardiovascu- 
lar, nervous, and muscle systems. 
Ionic calcium regulation is needed for 
blood coagulation, nerve junction and 
normal skeletal and cardiac muscle 
contraction. As part of a program to 
develop techniques for monitoring 
electrolytes of astronauts on long 
flights, NASA contracted with ORION 
Research of Cambridge, Massachu- 
setts, to produce compact analyzers. 
The traditional method of electrolyte 
measurement at the time required 
flammable gases which could not be 
used on space flights. ORION solved 
the problem by developing electrode- 


based devices which operated well un- 
der space conditions. 

Included among the variety of blood 
testing instruments brought about by 
space research are electrode-based 
electrolyte analyzers, notably sodium/ 
potassium and ionic calcium analyzers. 

As a spin-off of that early work, 
ORION manufactured two devices that 
simplified electrolyte analyses in 
clinical laboratories. The Space Stat-20 
calcium analyzer is still being dis- 
tributed by ORION, but its companion 
sodium/potassium analyzers, called 
Space Stat-30, was replaced in 1982 
by Model 1020. 

Model 1020 has increased the level 
of automation in the sodium/potassium 
measurement through increased use of 
microcomputers. With virtually no 
training, almost anyone can run analy- 
ses on the instrument. There are no 
knobs or dials to turn — all operations 


can be initiated with a push of one of 
three buttons (YES, NO, ?). Only 100 
microliters of whole blood are required 
for a complete analysis. Results are 
displayed in less than one minute. 

The instrument fits in a foot of 
space and is portable. In addition to 
being used in traditional clinical labora- 
tories and surgical rooms, Model 1020 
is making sodium/potassium analyses 
routine in doctors’ offices, small labo- 
ratories, ambulances and mobile mili- 
tary vehicles. 



Space Stat Model 1020 Blood Analysis 
System. 
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Aseptic Fluid 
Transfer System 


Many fluid transfer processes must be 
accomplished without contamination. 
The purity of liquids is a special con- 
cern during the transfer of fluids into 
the human body. At this time, transfer 
systems used by blood banks do not 
ensure sterility. For this reason, the 
Food and Drug Administration has 
ruled that blood which is frozen and 
stored, once thawed, must be trans- 
ferred within 24 hours or discarded. 
The Aseptic Fluid Transfer System 
might well remove this restriction. 

NASA has had an ongoing program 
to ensure the sterilization of spacecraft 
before launch to the moon and to other 
planets. Heat-sealed plastic films are 
used to maintain a sterile environment 
during last-minute repairs and adjust- 
ments prior to launch. This same tech- 
nology now has been used to provide a 
means of transferring fluids from one 
container to another in a sterile manner. 



Transfer Set 


The Aseptic Fluid Transfer System 
was invented at the NASA Jet Propul- 
sion Laboratory in 1974. It was guided 
through the technology transfer pro- 
cess and now is licensed to the Health 
Care Group Laboratories; Inc. , of Lib- 
ertyville, Illinois. 

The transfer system uses con- 
tainers made of two kinds of plastics 
that melt at different temperatures. 
Two layers of polyvinyl chloride, which 
fuses under relatively low heat, en- 
close a layer of a more heat-resistant 
plastic in a design allowing the con- 
tiguous regions of the two packs to 
form a common wall. When heat of 
200°C is applied with a heat sealer, the 
connectors are effectively fused, the 
joining area is sterilized, and an open- 
ing is introduced which allows blood to 
flow from one bag to another. This 
linking process takes one minute. Any 
bacteria present on the outer walls of 



Connector Detail 



Multiple Connectors 


the containers are killed during the 
fusing process. 

The aseptic fluid transfer system is 
simple, inexpensive, durable, capable 
of ensuring sterility, and does not 
damage red blood cells or blood com- 
ponents during the transfer process. 
The system appears suitable for a 
wide array of medical fluid processing 
functions, including intravenous and di- 
alysis procedures. 


Aseptic fluid transfer system guarantees 
blood sterility during blood bank transfer 
processes. 



Flaps (formed by 
penetrating common 
wall) open to permit 
fluid transfer. 


Schematic 



Donor Receiver 
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Chromosome Analysis 


The nucleus of a living cell contains a 
number of thread-like bodies called 
chromosomes. Each chromosome, in 
turn, is made up of genes which con- 
tain the “blueprint” of information that 
transmits hereditary characteristics of 
the animal or plant from generation to 
generation. Researchers use this cel- 
lular information to study the genetics 
of cells and organisms. Medical clini- 
cians use it to diagnose (and even pre- 
vent) genetic abnormalities in humans. 
But to be useful to these biomedical 
professionals, the information about 
chromosomes contained in a cell must 
be organized in a structured way. One 
important organization form is the ka- 
ryotype, a cataloging of the arrange- 
ment of chromosomes, by type, that 
occur in a cell. The preparation of a 
karyotype by standard methods from a 
photograph of the chromosomes within 
a cell is a laborious procedure that may 
take a technician several days to com- 
plete. 

To speed up the preparation of 
human karyotypes, scientists and engi- 
neers at NASA’s Jet Propulsion Labo- 
ratory developed an Automated Light 
Microscope System (ALMS) that will 


automatically, rapidly and accurately 
scan a chromosome specimen to mea- 
sure and classify the chromosomes 
present. The system uses digital 
(computer-aided) image processing 
technology derived from research and 
development that JPL has carried out 
in the past in support of NASA auto- 
mated missions that returned images 
of Mars, Jupiter, Saturn and other 
bodies of the solar system. 

To be economically feasible for use 
in a hospital or clinic, an automated 
chromosome analysis system must 
consist of two parts: a device that au- 
tomatically, routinely and quickly 
scans chromosomes; and another de- 
vice that automatically, routinely and 
quickly prepares chromosome spec- 
imens for the scanner to use. JPL sci- 
entists have fulfilled the first part of 
this two-device system with their de- 
velopment of the ALMS. Next, this 
JPL-developed technology was trans- 
ferred to the City of Hope National 
Medical Center in Duarte, California, 
where its biologists developed the sec- 
ond device: a machine that automati- 
cally prepares chromosome specimens 
to be scanned. 


Using the ALMS technique, an op- 
erator with no special training can per- 
form a karyotyping in 7-16 minutes, 
depending on the type of specimen. 
The system is now being used experi- 
mentally at the Prentiss Women’s Hos- 
pital in Chicago to obtain karyotypes of 
chromosomes obtained from pregnant 
women through amniocentesis. The 
potential time and cost savings ob- 
tainable by means of this automated 
technique are clearly great. However, 
the economic stumbling block to the 
actual clinical use of an automated 
chromosome analysis system is the 
large number of samples needed to 
keep the machine operating most of 
the time. If a large-scale, centralized 
clinical laboratory to conduct auto- 
mated chromosomal analysis is ever 
established, the JPL system repre- 
sents a technology that can be easily 
updated and put to immediate use. 


Homogeneously stained, normal 
human male karyotype determined by 
computer. 
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Muscle Biopsy 


Skeletal muscles act to move the skel- 
etal structure of the human body and 
to maintain posture against the pull of 
gravity. Generally speaking, there are 
two types of skeletal muscle fiber. 
“Fast twitch” fibers contract rapidly 
but tire easily. They predominate in 
muscles for which sudden exertion is 
often required, such as calf muscles. 
“Slow twitch” fibers contract slowly 
but tire less easily. They are most pre- 
dominant in muscles requiring en- 
durance, such as back muscles. 

About 15 years ago, a simple stain- 
ing technique was discovered which 
enables the two types of muscle fibers 
to be distinguished under a micro- 
scope. In cross section, muscle fibers 
from a biopsy sample form a mosaic 
pattern of light and dark shapes. Slow 
fibers are light in color, while fast 
fibers are dark. 

The ATPase-staining technique en- 
abled physicians to diagnose both the 
type and severity of neuromuscular 
disease by being able to measure dif- 
ferential change in slow and fast fibers. 
There was, however, a serious prob- 
lem. The analysis made by a physician 
looking through an optical microscope 


at stained muscle fibers was subjective 
and of limited accuracy. A more quan- 
titative and precise analysis method 
was required. 

Scientists at the NASA Jet Propul- 
sion Laboratory became involved in 
the automated analysis of muscle 
tissue while studying the observed 
loss of muscle bulk by humans and ani- 
mals during space flight. Using a digital 
image-processing technique to analyze 
the muscles of rats that had been in 
space for 18.5 days aboard the USSR 
Biosatellites, Cosmos 936 and Cosmos 
1129, JPL investigators, along with re- 
searchers from the University of 
Southern California, confirmed that 
there is indeed a reduction in both the 
size and weight of slow and fast mus- 
cle fibers. 

The JPL-developed system uses a 
computer to aid in carrying out rapid, 
accurate analysis of muscle samples. 
The device can measure the area, den- 
sity, circumference, and intensity of 
stain of a fiber in about 20 seconds. An 
advanced version developed by 
NASA’s Applications Engineering Pro- 
gram and the Musclar Dystrophy As- 
sociation is in use at the University of 



California at Los Angeles for basic as 
well as clinical investigations. 

In basic research, the device will ad- 
dress questions such as: What is the 
nature of normal muscle? What hap- 
pens to an athlete’s muscles as he 
trains? What happens to the muscles 
of a patient confined to prolonged peri- 
ods of bed rest? 

In clinical research, the device will 
address questions such as: What takes 
place with muscles during prolonged 
paralysis? Can an early diagnosis be 
made and progress measured in the 
treatment of such neuromuscular dis- 
eases as myasthenia gravis, muscular 
dystrophy, and amoytrophic lateral 
sclerosis (ALS)? 

If these questions can be answered 
successfully, the digital image-process- 
ing technique could become a routine 
tool in the diagnosis, treatment, and 
evaluation of neuromuscular disease. 


Muscle specimen stained to show the mo- 
saic pattern of light and dark shapes repre- 
senting slow-and fast-twitch muscle fibers 
in cross section. 
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Ultrasound Imaging 


The cardiovascular system, a network 
of arteries, veins, and capillaries with 
the heart serving as the central pump, 
distributes essential nutrients to cells 
and removes waste products. Its im- 
portance is underlined by the fact that 
about one-half of all deaths in the U.S. 
each year are due to failures of cardio- 
vascular system components. 

One of the more common problems 
of the cardiovascular system is athero- 
sclerosis, a progressive build-up of fat- 
ty and calcified deposits within ar- 
teries. Because this condition narrows 
the artery, it partly obstructs blood 
flow and therefore causes an increase 
in blood pressure. Knowing the condi- 
tion of a patient’s arteries, and being 
able to track changes in their condition 
over time, is of prime importance to a 
physician. The standard technique for 
visualization of an artery is called an- 
giography. This procedure involves in- 
jecting an X-ray-opaque material into 
the patient and then taking an X-ray 
photograph of the artery. Although an- 
giography has been used routinely for 
years, it has significant drawbacks. It 
uses ionizing radiation; it is invasive 
(requiring injection of the material into 
the arteries); and it is not suitable for 


exact measurement of arterial block- 
age. 

The invention some years ago of the 
ultrasonic scanner — a device using 
very high-frequency sound waves to 
probe and visualize internal bodily 
structures — was greeted with enthusi- 
asm. It is a risk-free technique requir- 
ing no invasive procedures and no ion- 
izing radiation. In addition, it is less 
expensive than other medical imaging 
procedures. However, early ultrasonic 
scanners did not provide very high res- 
olution and contained significant 
“noise. ” 

For more than a decade, scientists 
at NASA’s Jet Propulsion Laboratory 
have been attempting to improve the 
use of ultrasound as a diagnostic tool 
in medicine. Conventional ultrasonic 
instruments are of the pulse-echo 
type. They transmit a pulse and then 
“listen” for a return from the target. 
JPL’s researchers realized that this on- 
off characteristic was the source of the 
current technology’s limitations. Ac- 
cordingly, they developed an ultrasonic 
instrument that could do both at once. 
This “swept-frequency, ” time-delay 
spectroscopy instrument, or TDS, is 
capable of producing images with sig- 



nificantly higher resolution and a bet- 
ter signal-to-noise ratio than the ear- 
lier technique. 

The JPL-TDS ultrasonic scanner is 
being used in a study at the Depart- 
ment of Cardiology, University of 
Southern California School of Medi- 
cine, to determine whether an ultra- 
sonic scanner can monitor the 
development of the slight, subtle 
atherosclerotic changes. The study in- 
volves 85 men who have their shallow- 
lying carotid (head and neck) arteries 
scanned five times, with an interval of 
a month between scans. Several hun- 
dred baseline ultrasonic scans now 
have been completed. 

With the improvements brought 
about by work at JPL, ultrasonic scan- 
ning now complements other “high- 
tech” medical imaging technologies 
such as computer-assisted tomography 
(CAT) and nuclear magnetic resonance 
(NMR). But whereas the TDS ultra- 
sonic scanner costs about $50,000, 
CAT and NMR machines cost around 
$1.5 million — a major cost savings. 
With these advantages in view, further 
improvements to the TDS technology 
are now the subject of a grant to JPL 
from the National Institutes of Health. 

Operation of Ultrasonic Time-Delay-Spec- 
trometer Scanner developed at JPL. 
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Eyetracker and Stabilized 
Laser Photocoagulator 


Problems in which the retina of the 
eye becomes detached or lifts away 
from its supporting structures are 
treated by laser photocoagulation. The 
focused energy of a laser beam 
“bums” a small part of the retina and 
causes it to fuse to the rear of the eye, 
creating a permanent point of attach- 
ment. There are two problems, how- 
ever, which limit the usefulness of the 
photocoagulation technique. First, a 
contact lens is placed over the eye of 
the patient which produces astigmatic 
distortion with different angles of 
beam incidence which, in turn, causes 
the shape of the bum area to vary with 
retinal location. Second, involuntary 
eye movements make it difficult to 
achieve the desired accuracy in locat- 
ing the bum site. The recently devel- 
oped eye tracker and stabilized laser 
photocoagulator offer promise for each 
of these problems. 

The National Aeronautics and Space 
Administration in 1965 began support 
of studies of the visual accommodation 
system. These efforts, with additional 


support from the National Eye Insti- 
tute of the National Institutes of 
Health, allowed SRI International to 
invent and develop the Dual-Purkinje- 
Image (DPI) eyetracker. This system 
works by tracking a pair of reflections 
from the front surfaces of the eye 
using invisible infrared light which op- 
erates through a dichroic mirror. 

There is no requirement for a contact 
lens. Accuracy is as good as, if not 
better than, that provided by the con- 
tact lens method. 

The Eye Research Institute of Bos- 
ton has developed a laser coagulator 
system which can focus a laser beam 
onto the retina with no attachments to 
the patient’s eye. In 1981, the laser 
coagulator and the DPI eyetracker 
were successfully merged into one 
system and tested as part of an effort 
with the NASA Ames Research Cen- 
ter. The objectives were to (1) config- 
ure the laser input system so that the 
eyetracker output signals might steer 
the beam and (2) merge the two in- 
struments mechanically so that they 



did not interfere with each other. 

Initial trials with animals in 1983 
successfully demonstrated the capabili- 
ty of the instrument. The point-of-con- 
tact with the laser beam on the pa- 
tient’s retina is not affected by the 
patient’s own eye movements. Newly 
designed safety features now are being 
incorporated which will allow a high- 
power laser source to be used in reti- 
nal repair procedures with human pa- 
tients. 
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Gait Analysis 


Control of limbs is a special problem 
for a child with cerebral palsy. The 
child’s movements are weak, poorly 
coordinated, and jerky due to poor 
muscular control. Walking can be 
helped, however, through the prescrip- 
tion of physical therapy for individual 
leg muscles. 

In order to prescribe a specialized 
program of therapy, it is necessary to 
measure a child’s precise walking pat- 
tern. In the past, the child was con- 
nected by means of a bundle of wires 
to a recorder and a display to measure 
specific muscle movements. It was 
found that young patients often were 
inhibited by the awkward tangle of 
trailing wires and the electrodes at- 
tached to the body. This made it diffi- 
cult to obtain clear and consistent 
readings of their movement patterns. 

An orthopedic researcher at the 
Children’s Hospital at Stanford in Palo 
Alto, California, learned of the body 
sensors developed for the space pro- 
gram and contacted the NASA Ames 
Research Center for assistance. Ames 


engineers, drawing on their experi- 
ence with electronic systems used to 
monitor the movements of astronauts 
during space flight, developed a bio- 
telemetry system to measure the gait 
of cerebral palsy victims. The minia- 
ture transducers were affixed directly 
over the muscle groups being studied, 
with impulses then sent by wire to a 
small transmitter worn around the pa- 
tient’s waist. The transmitter relayed 
the signals to a receiver in another 
room where the data was recorded. 
While this was a significant improve- 
ment over earlier techniques, prob- 
lems remained. The belt package con- 
taining the transmitter caused concern 
in the child and changed his gait. Also, 
the wire pickups and the signal mixing 
at the transmitter caused considerable 
electronic noise. 

L-M Electronics, of Daly City, Cali- 
fornia, again working with the NASA 
Ames Research Center, recently de- 
veloped a new gait analysis system 
with refinements which correct the 
earlier problems. This is a multi-chan- 


nel transmission system with eight in- 
dividual crystal-controlled transmit- 
ters, each operating on a different 
frequency. The belt package and all 
wires leading from sensors thus are 
removed. Each transmitter is posi- 
tioned at the point of interest. In one 
application, each foot had a transmitter 
that sent information on four points of 
contact, showing exactly what part of 
the foot was touching the ground. At 
the same time three additional trans- 
mitters were affixed to each leg mus- 
cle group. These would transmit the 
electromyogram (muscle firing) of the 
particular muscle that was used in syn- 
chrony with the foot placement. A 
physical therapist then could deter- 
mine the precise techniques required 
to help the child. 

The new gait analysis system, com- 
mercially available through L-M Elec- 
tronics, has been acquired by the Vet- 
erans Administration, a civilian 
hospital, and two universities with gait 
analysis centers for use in physical 
therapy programs. 



Placement of leg transmitters in the ad- 
vanced gait analysis system. 
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Ocular Screening System 
Speech Autocuer 

Hip Joint Biotelemetry 

Versatile Portable 
Speech Prosthesis 

Non-invasive Lung 
Diagnosis 

Microspheres 

Unistik 



Computer-Enhanced 

Angiogram 


Implantable Biomedical 
Systems 


One of the most significant advances 
in modem medicine is the develop- 
ment of implantable systems to control 
a variety of heretofore intractable 
medical problems. The dramatic ad- 
vances in this field come from a co- 
herent program drawing on medical 
scientists and engineers, universities, 
industries and Federal agencies. The 
biomedical engineering issues have 
been enormous, with solutions coming 
in many instances through use of the 
expertise and technologies developed 
at NASA. 

This field covers the spectrum from 
systems in everyday use to those ex- 
isting today only as concepts. Most, 
however, represent technology in the 
process of transfer. 



Implant Technology 



Programmable 
Computer Control 



Internal Sensor 
Technology 


Rechargeable Pacemakers 
Human Tissue Stimulator 


Programmable Implantable Sensor Actuated 

Medication System Medication System 

Automatic Implantable 
Defibrillator — II 


Hydrocephalus Shunt 
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Programmable Implantable 
Medication System 


The traditional administration of drugs 
for medical reasons is by mouth or by 
injection. In many instances, these 
procedures do not produce optimum 
results. There are a number of drugs 
which achieve desired effectiveness 
only when delivered to the blood- 
stream at a constant rate. A one-time 
dose, either orally or by injection, pro- 
vides a high level of the drug in the 
blood immediately after administra- 
tion, with a gradual decline thereafter. 
For many conditions, such as treat- 
ment of heart irregularities, neither 
the high initial level nor the subse- 
quent low level is desirable. The peak- 
and-valley effect works against the 
purpose of the medication. 

The history of implanted drug deliv- 
ery systems can be traced to 1937 
when implanted hormone preparations 
were tested with livestock. The devel- 
opment of programmable delivery sys- 
tems, suitable for human application, 
is a recent event. While such a system 
will aid in management of many dis- 
eases, the thrust at this time is toward 
better control of diabetes. One million 
diabetics in the United States depend 
on daily insulin injections to help con- 
trol blood sugar levels. Medical scien- 


tists believe that more reliable control 
of these blood sugar levels would di- 
minish the incidence of the many com- 
plications associated with diabetes. In 
addition, it would improve an individu- 
als lifestyle by removing the require- 
ment for 2 to 4 insulin injections daily. 

A Programmable Implantable Medi- 
cation System (PIMS) has been devel- 
oped by the Applied Physics Laborato- 
ry, Johns Hopkins University, and the 
Technology Utilization Office, NASA 
Goddard Space Flight Center; 
Pacesetter Systems, Inc., Sylmar, 
California; and Parker-Hannifin/Bio- 
medical Products Division, Irvine, 
California. 

The implanted element in PIMS is 
the Implantable Programmable Infu- 
sion Pump (IPIP). An external unit 
programs the IPIP after implantation 
via command and telemetry systems. 

A physician can construct a basal med- 
ication delivery schedule which repeats 
within a period of 24 hours. In addi- 
tion, up to six different supplementary 
schedules can be programmed to be 
delivered upon request of the patient. 

The microminiaturized hybrid cir- 
cuitry used for the pump system as 
well as the programming unit is based 


on NASA technology. The command 
and telemetry systems draw on tech- 
nology used with small astronomy sat- 
ellites. Parker-Hannifin, the organiza- 
tion which developed the miniaturized 
fluid controls used for metering nu- 
trients into the soil samples in the 
Mars Viking spacecraft, provided the 
miniaturized pump for PIMS. This 
pump is capable of metering medica- 
tion in precise doses — about a mil- 
lionth of a liter at a time. 

Animal studies have been conducted 
to verify the systems efficacy in the 
treatment of diabetes. To date, four 
IPIPs have been implanted in diabetic 
dogs. Results demonstrate the ability 
of PIMS to normalize plasma glucose 
levels. 

At the completion of clinical testing 
and acceptance for human use, 
Pacesetter Systems, Inc. and Parker- 
Hannifin plan to manufacture and mar- 
ket the Programmable Implantable 
Medication System. 
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B Automatic Implantable 
Defibrillator 


Over one million Americans suffer 
heart attacks each year. Approximate- 
ly half of these survive the attack, but 
roughly 50,000 of this group die within 
one year, mostly from ventricular 
fibrillation. When it can be applied in 
time, electric shock defibrillation is 
generally successful in restoring a nor- 
mal beat pattern to the heart. Unfortu- 
nately, most of those who die each 
year from a fibrillation episode are 
away from a hospital, where they could 
receive proper treatment. 

The Automatic Implantable De- 
fibrillator (AID) offers a solution to 
this problem by implanting within the 
bodies of persons at risk a sensing 
system to detect the onset of fibrilla- 
tion or other potentially fatal arrhyth- 
mias and to automatically deliver a bal- 
anced electric pulse to restore the 
heart to a normal rhythm. Work for 
the development of AID-I began under 
the direction of Dr. M. Miroski of Bal- 
timore’s Sinai Hospital and the Johns 
Hopkins School of Medicine. AID de- 
vices manufactured by Intec Systems, 
Inc., have been implanted in 238 human 
patients at 20 medical centers. Of 
these 238 patients, 70 have had a total 


of 205 spontaneous arrhythmic epi- 
sodes in which normal heart rhythm 
was restored by the implanted AID de- 
vice. The annual death rate for this se- 
ries of patients was reduced to only 
4.6 percent from typical rates of 30 to 
66 percent. 

Work is being conducted at this time 
toward an improved Automatic Im- 
plantable Defibrillator System (AID- 
II). This work is being conducted un- 
der contract from the Goddard Space 
Flight Center with the Applied Physics 
Laboratory, working in conjunction 
with INTEC of Pittsburgh, Pennsylva- 
nia. 

Technology from the space program 
is being applied toward three objec- 
tives. The first is to redesign as feasi- 
ble the current AID using principles 
and components whose capabilities and 
reliabilities have been validated by use 
in spacecraft. 

The second objective is to develop 
an external recorder capable of moni- 
toring and recording the patient’s ECG 
at any time when the patient’s heart 
goes into fibrillation. A spacecraft- 
type, low power, solid state digital 
memory could be used to obtain an 80 



second recording of the first de- 
fibrillator episode in a particular time 
period. This would also provide a pa- 
tient with an indication that a defibrilla- 
tion shock was administered. 

The third objective of AID-II is to 
greatly increase its capability. The im- 
proved AID will provide a demand 
pacer function to restore normal 
rhythm to an asystolic heart, an auto- 
matic test sequencer and low battery 
voltage detector, programmability al- 
lowing adjustment by the doctor, early 
warning of an impending defibrillation 
episode, and a four function internal 
event ECG recorder. The AID-II con- 
cept offers very sophisticated and ad- 
vanced support for individuals suffer- 
ing from heart problems. 
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Liquid Cooled 
Garments 


The NASA Ames Research Center de- 
veloped liquid cooled garments to pro- 
vide more efficient and effective heat 
removal for astronauts wearing space 
suits. Water-perfused “panels” were 
designed which can be positioned over 
major muscle areas to remove excess 
body heat. The panels are constructed 
of two layers of urethane-coated nylon 
which is heat sealed to form integral 
channels to direct the flow of cooling 
water. The panels are connected to 
each other and sewn inside a close fit- 
ting garment which is then connected 
to a pumping/cooling unit by inlet/out- 
let tubing. This panel construction pro- 
vides a close, comfortable fit to the 
body and promotes effective heat re- 
moval. 


There are many medical applications 
for a system which provides partial or 
total body cooling or warming. The 
Ames system also is used in various 
medical research programs. These 
programs include studies of total body 
thermal control in cancer therapy and 
neonatal warming and cooling during 
surgery. Partitional body cooling has 
been effective in several areas: head 
cooling to reduce hair loss during che- 
motherapy, torso cooling of spinal cord 
injury patients during hot weather, tor- 
so cooling of patients who cannot per- 
spire, and cooling of limbs of patients 
with a rare superheating problem. 

The cooling vest illustrates further 
development of cooling garment tech- 
nology. The construction of the vest is 



unique in that it incorporates a third in- 
termediate layer between the two out- 
er urethane-coated nylon layers. This 
third layer is made of a synthetic mate- 
rial which is woven and heat sealed to 
form integral corrugated channels 
which are essentially noncompressible 
and thus insure water passage even 
when the garment is compressed, 
such as when leaning against the back 
of a seat or under heavy loads. The 
simple design and construction of this 
garment provides reduced manufactur- 
ing costs for medical applications. 
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5 


Vascular Access 
Device 


Advanced procedures in medical tech- 
nology which offer such dramatic hope 
for heart disease, kidney disease and 
other afflictions require access to the 
body. With some, electrical connec- 
tions must be made. In other in- 
stances, the blood must be drawn 
temporarily from the body for treat- 
ment. In all cases, an invasive connec- 
tor is required. 

Any invasive system carries with it 
certain problems. If a simple puncture 
is used, there is post-treatment bleed- 
ing, tissue swelling, and the formation 
of bruised areas. If a permanent con- 
nector is implanted, there is a high 
risk of infection and rejection by the 
body. The challenge is to develop a 
permanently implanted connector with 
biocompatibility — one which can be 
used for a long period with no atten- 
dant complications. 

Pure carbon is one of the most bio- 
compatible substances known. How- 
ever, most forms are not strong 
enough for extended use. High 


strength forms of carbon, designed ini- 
tially for space capsule heat shields, 
were studied, under NASA support, at 
the Rancho Los Amigos Hospital in 
Downey, California. Vitreous carbon 
was found to meet the requirement for 
biocompatibility, to be light weight and 
appropriate strength. 

The preparation of percutaneous 
(through the skin) connectors is as im- 
portant as the selection of materials. 
The NASA Lewis Research Center 
has been working with Applied Medi- 
cal Technology, Inc., to use ion-beam 
sputtering techniques developed in the 
NASA Electron Propulsion Program to 
texture percutaneous connectors with 
a regular array of micropillars (small 
raised points). These inhibit tissue 
downgrowth and subsequent rejection 
of the connector. 

American Bentley, a subsidiary of 
American Hospital Supply Corpora- 
tion, now offers a Vascular Access 
System using a vitreous carbon im- 
plant which is virtually non-reactive 



with tissue, blood or chemicals. The 
implant does not interfere with routine 
patient activities and provides an air- 
and moisture-seal between treat- 
ments. Patients requiring chronic di- 
alysis procedures are afforded consid- 
erable convenience since treatment 
may be given either at home or at a 
medical facility. 


Positioning of bioCarbon® 
vascular access implant. 



Micropillar array. 


30 










6 


Prosthetic Urinary 
Sphincter 


Urinary incontinence drastically affects 
a sufferer’s ability to lead a normal life. 
In addition to the inconvenience, ex- 
ternal collection devices leave a con- 
stant residual urine in the urethra and 
bladder, where it serves as a medium 
to support bacterial growth. In para- 
plegics, who are permanently inconti- 
nent, kidney failure from bladder infec- 
tions is the most frequent cause of 
death. 

Aerospace technology has been ap- 
plied to the development of a simple, 
reliable prosthetic urinary sphincter 
control system to enable urinary in- 
continent patients to achieve external 
voluntary control of bladder function. 
This program started when Dr. Wil- 
liam G. Montgomery, a researcher 
treating paraplegics at Bowman Gray 
School of Medicine at Wake Forest 
University, saw the need for a simple 
but reliable valve device that could be 
surgically implanted and easily con- 
trolled by the patient. Dr. Montgom- 
ery contacted NASA’s Technology Ap- 


plications Team at the Research 
Triangle Institute in North Carolina. A 
project then was started through the 
Marshall Space Flight Center with a 
key feature being the adaptation of the 
low pressure, zero leakage, high relia- 
bility valves used on the Viking Space- 
craft. 

The five year development program, 
which was recently completed with 
successful animal trials, was conducted 
under the direction of a research team 
at Rochester General Hospital. Parker- 
Hannifin Corporation manufactures the 
valve assemblies based on aerospace 
technology. Medical Engineering Cor- 
poration, of Racine, Wisconsin, plans 
to market the device following govern- 
ment approval and clinical trials. 

The sphincter system, an implant 
device designed for both male and 
female patients, contains a two-cham- 
ber inflatable, occlusive cuff placed 
around the urethra, a self-sealing stor- 
age system, a check valve mechanism, 
and a valve fluid reservoir. The sphinc- 



ter system is implanted so that the 
valve/bulb assembly is accessible by 
manual pressure through the skin. The 
cuff applies pressure to occlude the 
urethra and maintain continence. The 
pressure can be released for voiding, 
then restored by manual manipulation 
of the valve. 

Clinical trials of the prosthetic urin- 
ary sphincter are scheduled to begin in 
early 1985. When commercially avail- 
able, this system will offer two impor- 
tant advantages over earlier devices. 
First, its simplicity promises to reduce 
the surgical complexity of the implan- 
tation procedure. Second, the high 
rate of device malfunction with existing 
devices, often due to valve failure, 
should be dramatically improved. 


Implantable Prosthetic Urinary Sphincter 
System. 
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Ocular Screening 
System 


Early detection and care of visual ab- 
normalities in school children is most 
important. An economical, highly reli- 
able ocular screening system has been 
developed to detect eye problems in 
children through a photometric analy- 
sis of retinal reflexes. 

The Generated Retinal Reflex Image 
System photorefractor is capable of 
testing the human visual system for 
refractive error and defects in the reti- 
na or interior chamber and for ob- 
structions in the cornea. It also can 
detect ocular alignment problems. 

Key units in the ocular screening 
system consist of a 35mm camera 
body, using color film, a telephoto lens 
and an electronic flash. This system 
measures the retinal reflex by means 
of a direct photograph of a subject’s 
eyes, taken in a dark room to facilitate 
pupil dilation. The color retinal reflex 
images then are analyzed by experts 
to determine eye problems. 

The project started when an oph- 
thalmologist in Huntsville, Alabama, 
contacted the Marshall Space Flight 
Center Technology Utilization Office to 
request a technical evaluation and as- 


sistance in developing a photorefractor 
device. The resulting system, devel- 
oped with the assistance of a small 
business, Electro Optical Instruments, 
does safe, low-cost screening for am- 
blyopia (dimness of sight) and other 
eye diseases, especially for children 
too young to communicate. Indepen- 
dent tests conducted by the Smith- 
Kettlewell Eye Research Foundation in 
San Francisco graded the accuracy of a 
prototype system at 88 percent. 

The system is capable of detecting 
eye anomalies such as hyperopia, myo- 
pia, astigmatism, strabismus, retinal 
pigmentation pattern and lens obstruc- 
tions. It was used initially in a mass 
screening of students at the Alabama 
School for the Deaf and subsequently 
by a Huntsville Lions Club in a screen- 
ing of 1,835 kindergarten and first 
grade students. Five hundred and 
seven were found to have abnormal 
retinal reflexes. University of Alabama 
researchers also are testing a select 
group of 441 students with learning 
disabilities to determine possible rela- 
tionships between these problems and 
eye abnormalities. Of these students, 


255 were found to have abnormal reti- 
nal reflexes. 

The ocular screening system is an 
effective measurement device which is 
economical, portable, and non-invas- 
ive. It is a promising technique for 
large-scale screening of children to de- 
tect visual problems at an early stage. 
The system was expected to be com- 
mercially available in late 1984 through 
Electro-Optics Consultants, Inc., a 
small business firm in Alabama. 



Sex Male Rt Lt 

VA Uncorrected 20/200 20/200 


Photograph made with Generated Retinal Visual anomaly patterns. 

Reflex Image System. 
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g Speech Autocuer 




The successful development of a 
wearable, real-time speech perception 
aid has the potential to improve the 
economic status and quality of life for 
the 1.8 million deaf people in the 
United States. Research has been 
completed which demonstrates that 
deaf people can perceive speech accu- 
rately through a prosthesis based on 
Cued Speech. Called the Autocuer, 
the speech analyzing prosthesis pre- 
sents automatically derived visual cues 
in real-time to a wearable eyeglass dis- 
play which, in combination with lip 
reading, enables accurate speech per- 
ception by deaf people. 

The Autocuer project is a four-way 
collaboration between Research Tri- 
angle Institute (speech analysis, hard- 
ware and software design), Gallaudet 
College (laboratory training and test- 
ing, field test), NASA Goddard Space 
Flight Center (project coordination, 
technical consultation), and Telesenso- 
ry Systems, Inc. (fabrication of field 
test units, commercialization). NASA 
and the Veterans Administration pro- 
vided support for the work. 

Capitalizing on the pioneering ef- 


forts of NASA in developing comple- 
mentary metal oxide silicon (CMOS) 
low-power electronics for space mis- 
sions, work began in 1979 to develop a 
low-power, wearable microcomputer to 
adequately analyze connected speech 
for successful automated cuing. 

The last two of the large scale inte- 
grated circuits needed by the Auto- 
cuer for producing accurate real-time 
speech analysis in a wearable package 
have now been incorporated into the 
design and are being verified to meet 
project requirements. When this step 
is completed, the design will be re- 
leased to Telesensory Systems, Inc. , 
for fabrication of 24 units for use in the 
field test. 

Scheduled to begin in 1985 and last 
one year in duration, the field test will 
include deaf adults from 20 to 60 years 
of age and prelingually deaf children, 
all of whom have a good knowledge of 
spoken English. A commercially avail- 
able Autocuer will follow when the 
field test demonstrates that the unit 
works in the real-world speech en- 
vironment. 
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Hip Joint 
Biotelemetry 


Over 100,000 total hip replacement 
operations are performed each year in 
the United States. Unfortunately, a 
number of these do not have lasting 
success. X-ray evidence of femoral 
component looseness in excess of 20 
percent has been noted in reports 
from the Mayo Clinic in 1978 and from 
UCLA in 1979. Failure reports indicate 
that prosthetic loosening may be found 
in up to 24 percent of older patients in 
as little as seven years, and in up to 54 
percent after only five years in pa- 
tients under 30. Mechanical complica- 
tions of implant breakage, cement 
fracture, skeletal loosening, and com- 
ponent wear are directly related to the 
transmission of force across the joint. 
With younger patients who will have 
greater performance expectations 
from their replacement joint, we may 
expect increasing rates of failure due 
to the increased transmission of force 
across the joint. 

The estimation of joint forces in- 
volves calculations based upon mathe- 
matical idealizations of joint geome- 
tries and material properties. The 
accuracy of such calculations is not 
known since dynamic effects due to 
the musculature can only be esti- 
mated. 


The NASA Jet Propulsion Laborato- 
ry, in cooperation with the Biomechan- 
ics Section of the Division of Ortho- 
pedic Surgery at UCLA, in 1977 began 
the development of a prototype bio- 
telemetry package to be sealed within 
a total hip replacement implant. This 
system will give in vivo data as a pa- 
tient goes about his or her daily activi- 
ties, thereby providing engineering 
data not previously available for the 
improvement of hip joint design. 

The experience of JPL with mini- 
aturized remotely controlled space te- 
lemetry systems has resulted in a 
design overcoming many of the 
difficulties previously encountered in 
powering implants. Rather than using 
batteries or wires through the skin, 
most of which are at best awkward, 
the JPL design relies on induced 
power. With this technique, the patient 
needs only to wear a cuff, much like 
that used to take blood pressure read- 
ings, around his thigh. Power is trans- 
mitted from coils of wire in the cuff to 
an antenna built into the hip joint im- 
plant. Data from strain gauge sensors 
within the system are read out through 
the same induction system. Thus data 
can be collected over months or years, 
with no discomfort to the patient. At 



all times, the implant will function in a 
normal manner. 

Data from the completed system 
will provide the first in vivo loading in- 
formation from a total hip replace- 
ment. Even if only one patient implan- 
tation is achieved, the information will 
be invaluable. Direct measurement of 
hip force with walking aids, casts, and 
modified gait patterns will give a rela- 
tive measure of the effectiveness of 
these techniques. Validation of mathe- 
matical models will be possible. These 
data will be of value in understanding 
the mechanical forces responsible for 
prosthetic loosening and fracture and 
will also show wear patterns on inter- 
nal components such as the acetabular 
cup. 

Work is proceeding at this time on 
engineering models for actual implant. 
This effort, funded by the Veterans 
Administration, pending Government 
approval for use in human subjects, 
will result in data describing forces on 
human hip joints by 1986. This infor- 
mation will be invaluable for the im- 
provement of future hip joint systems. 
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Versatile Portable 
Speech Prosthesis (VPSP) 


The number of people in the United 
States with speech impairment is esti- 
mated at about two million, or about 
one percent of the total population. As 
many as one-half of these, up to one 
million, are believed to have serious or 
disabling speech impairment which re- 
quires the use of some type of com- 
munication aid, or speech prosthesis. 
While there are a number of communi- 
cation aids with visual and printed out- 
puts, a speech aid provides faster and 
more efficient communication, easier 
group or classroom participation, tele- 
phone conversation, the ability to com- 
municate with children who cannot 
read, a way to interrupt or initiate 
communication, and the psychological 
benefit of being able to speak. 

The Versatile Portable Speech Pros- 
thesis (VPSP) is a synthetic speech 
output communication aid for non- 
speaking people designed to be placed 
on a wheelchair and powered from a 
wheelchair battery. The versatility of 
the VPSP allows it to accommodate a 
variety of input devices including sin- 
gle switch, multiple switch, joy stick, 
or other keyboard controls which 
physically limited people have the abili- 
ty to use. It speaks with a synthetic 
voice for people unable to speak with 


their own voice. 

The VPSP employs a microcomput- 
er with a phoneme speech synthesizer 
and a specially designed television 
screen. The user composes speech 
messages by accessing desired words 
and phrases from a “starter vocabu- 
lary” in the microcomputer’s memory 
as they are displayed on the matrix 
board of the television screen. After 
selecting a message, it is entered by 
manipulating a control switch which il- 
luminates the words or phrases one 
wishes to say. The microprocessor 
then activates the speech synthesizer 
device which speaks the message 
aloud. The users also can develop 
their own messages and store them in 
the computer for later use. In clinical 
trials, all users felt that the VPSP was 
a great help to them. The message 
construction time varied from one to 
three words per minute with the one- 
switch version to ten words per min- 
ute with a keyboard, using single-fin- 
ger typing. 

The VPSP is the first communica- 
tion aid to rely on synthesized speech. 
It was developed by the Rehabilitation 
Engineering Center, Children’s Hospi- 
tal at Stanford, Palo Alto, California. 
The speech synthesis procedures 


were based on extensive psycho- 
linguistic human factors research con- 
ducted by the Man-Machine Integra- 
tion Branch of the NASA Ames 
Research Center. This research ini- 
tially was directed at applying synthe- 
sized speech in airplane cockpits as an 
effective means of warning pilots of 
dangerous situations. 

The Versatile Portable Speech Pros- 
thesis has been successfully tested as 
a proof-of-concept system and is avail- 
able for commercial development. Al- 
though designed as a wheelchair- 
mounted system, it can be used in 
other situations to aid persons not ca- 
pable of speaking. 
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Non-Invasive Lung 
Diagnosis 


The prognosis for many forms of pul- 
monary disease is improved with early 
detection, accurate diagnosis, and the 
immediate initiation of an appropriate 
program of therapy. Disabling pulmo- 
nary illnesses may develop as a result 
of occupational and environmental fac- 
tors, pulmonary vascular pathology, 
cystic fibrosis, asthma, or cigarette 
smoking. Management of these ill- 
nesses requires new methods to in- 
sure early detection. 

Research in aeroacoustics con- 
ducted at NASA’s Langley Research 


Center has provided a basis for a theo- 
ry of the origin of human respiratory 
sounds derived from the motion of vor- 
tices in the human lung. The nature of 
a given pulmonary illness should cause 
a distinct change in a pattern of air 
flow through different regions within 
the lung. The developmental work in 
pulmonary acoustics and the validation 
of this theory using lung models has 
been accomplished by the Theoretical 
Acoustics Branch, NASA Langley Re- 
search Center, and the Medical Col- 
lege of Virginia. This work includes 


the development of a technique of suf- 
ficient sensitivity to record and analyze 
human respiratory sounds as these 
sounds are changed by minimal lung 
dysfunction. 

B&K Instruments, Inc., of Cleve- 
land, Ohio, is supporting this project 
with engineering consultation and 
equipment, believing it has potential 
commercial value as a diagnostic sys- 
tem. It predicts a market for the 
system in employee industrial check- 
up centers as well as in hospitals. 



Frequency (kHz) 


■bb Normal expiration 
™bb Expiration after 
1st cigarette 
^bb Expiration after 
2nd cigarette 
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Microspheres 


All living tissue is made up of individual 
building blocks called cells. In medical 
research, it is important to be able to 
identify, examine or separate different 
types of cells. But the techniques for 
doing so have always been time con- 
suming and inexact. Faster and more 
versatile techniques would not only 
benefit research, but would also have 
potential application in the diagnosis 
and treatment of diseases. Scientists 
at NASA’s Jet Propulsion Laboratory 
have developed a novel cell-labeling 
technique for a variety of such applica- 
tions. 

The technique is based on the prep- 
aration of microspheres, tiny bubbles 
made from synthetic polymers, that 
can be chemically bonded to anti- 
bodies, special molecules produced by 
the body’s immune system. In turn, 
the antibodies are able to seek out, 
recognize, and attach themselves to 
molecules called antigens found on the 
surface of specific cells. In the pro- 
cess, the antibody brings the micro- 
sphere along with it. Because each 
antibody will attach only to a specific 
type of antigen, the microsphere can 
be directed to a certain kind of cell by 


bonding it to the right type of anti- 
body. 

The most exciting part of this pro- 
cess from a medical standpoint is that 
microspheres can be filled with a vari- 
ety of substances which are injected 
into the cell. This produces the cell 
“labeling” effect. Depending on the 
substance used, the cell can be labeled 
in different ways for different pur- 
poses. For example, if the micro- 
spheres are filled with a radioactive 
substance, specific cells can be identi- 
fied and counted by means of the ra- 
dioactivity they absorb. Similarly, la- 
beling with a fluorescent substance will 
permit both identification and separa- 
tion of the labeled cells, using a special 
cell-sorting instrument. Imparting a 
magnetic field to the microspheres 
provides another way to separate la- 
beled cells from non-labeled cells. 

For treating disease, the micro- 
spheres can be filled with a drug that 
can alter or destroy the specific cell to 
which a microsphere attaches itself. 
Thus, the microsphere-antibody com- 
bination (called an immunomicro- 
sphere) becomes a “smart bullet” tar- 
geted at the diseased cell. This tech- 



nique has already been tested success- 
fully in the laboratory for treating can- 
cer cells. 

In a 1983 clinical procedure in Lon- 
don, physicians removed ten percent 
of the bone marrow of a patient suffer- 
ing from neuroblastoma. The removed 
bone marrow was treated with mag- 
netic immunomicrospheres, and a 
magnetic field was applied to separate 
the magnetic, malignant cells from the 
non-magnetic, healthy cells. The 
healthy bone marrow was then re- 
placed in the patient. Since that time, 
about 20 young people with neu- 
roblastoma have been treated using, 
this procedure. Significant improve- 
ment has been noted in most of the 
patients. 

Use of microspheres has great med- 
ical potential. With further develop- 
ment, the work begun by JPL may 
lead to cancer therapies that are more 
effective than existing radiation and 
chemotherapy, for example, and lack 
their debilitating side-effects. 


Direct immunological labeling of living cells 
with microspheres covalently coupled to 
antibodies. 
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UNISTIK 



Driving an automobile is a complex 
perceptual-motor activity requiring use 
of all four extremities. For a handi- 
capped person, this activity is difficult, 
if not impossible. In most instances, 
independent transportation is not 
achievable for the severely handi- 
capped and represents a real barrier to 
their leading productive lives. 

The National Aeronautics and Space 
Administration, through its Technology 
Utilization Office and working in con- 
junction with the Veterans Administra- 
tion, is managing a program to use Lu- 
nar Rover Vehicle technology from the 
Apollo Program to aid in the develop- 
ment of a control system which will 
enable severely handicapped people to 
drive a conventional motor vehicle. 
During the Apollo missions in the 



1970s, astronauts drove the Lunar 
Rover using one hand to accelerate, 
brake, and steer as they explored the 
surface of the moon. The UNISTIK 
uses a two-axis joystick to control 
electric motors which position the con- 
trols of a standard motor vehicle. Mov- 
ing the stick forward depresses the ac- 
celerator pedal, rearward depresses 
the brake pedal, while left or right 
movements turn the steering wheel in 
the appropriate direction. The system 
uses a “fly-by-wire” type of control 
used in spacecraft and in certain high 
speed aircraft rather than the conven- 
tional direct coupling of control to actu- 
ator. 

The design of the driver’s control 
system is based on a human factors 
analysis of the control capabilities and 


limitations of quadriplegics who have 
suffered lesions of the spinal cord at 
the fifth cervical vertebrae. Inputs to 
the design study were made by a 
quadriplegic and several patients at the 
Craig Rehabilitation Hospital in In- 
glewood, Colorado. Johnson Engineer- 
ing Corporation (formerly Nelson and 
Johnson Engineering, Inc.), the firm 
which has worked with NASA and the 
VA to develop this system has tested 
a prototype UNISTIK in a 1981 Ford 
Van. The Van has been successfully 
driven by several quadriplegics. This is 
a major step forward in opening the 
normal world to the severely handi- 
capped. 


UNISTIK being used for control of the 
Van. 
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Computer-Enhanced 

Angiography 


The value of this technique lies in its 
capacity for making long-term compar- 
isons and in its accuracy. In clinical 
studies, such as those at USC, it can 
measure small changes in lesions iden- 
tified in progressive angiograms taken 
over intervals of time. This computer- 
aided method also shows a precision 
error of only about four percent, as 
compared to about 25 percent for the 
visual inspection method. 

Because angiograms involve an in- 
vasive procedure with some risk to the 
patient and the use of ionizing radia- 
tion, the computer-aided, image-analy- 
sis technique developed at JPL must 
compete with presently developing 
non-invasive techniques, such as nu- 
clear magnetic resonance and ultra- 
sound, which are apparently risk-free 


and which use non-ionizing radiation. 
However, there are types of examina- 
tions that cannot be performed as well 
with ultrasound (for example) as with 
angiography. In addition, this tech- 
nique offers much finer image resolu- 
tion than even the improved ultrasound 
instrument developed at JPL. Perhaps 
the most promising approach, how- 
ever, will be to use these same basic 
computer-image analysis procedures in 
conjunction with the JPL ultrasound 
device. 

The technology described here is 
being evaluated through continuing 
clinical trials. Through extensive pub- 
lication of the results achieved thus 
far, computer-enhanced angiography is 
expected to come into increasingly 
wider use. 




Computer-determined angiogram ot a 
femoral artery showing the edges of the 
arterial lumen (outline of dark area). Outer 
vertical lines estimate the outline of the 
normal (pre-diseased) arterial lumen. 
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Technologies Planned 
for the Future 




System for the Measurement and 
Control of Hypertension (SYMCOH) 


Corneal Topography 


Nuclear Magnetic Resonance 

Self-Injurious Behavior 
Inhibiting System (SIBIS) 
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Helicopter Medevac 49 

Medical Measurement 

with Ultrasonics 50 


Functional Electrical Stimulation 
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Hydrocephalus 

Shunt 


Hydrocephalus is an excessive ac- 
cumulation of fluid within the natural 
cavities of the brain. It is a condition in 
which the cerebral ventricles enlarge 
abnormally when the pressure of the 
cerebrospinal fluid rises. This is a re- 
sult of some impairment of the normal 
circulation or reabsorption of the cere- 
brospinal fluid. In children, approxi- 
mately 8,000 cases occur each year as 
a result of a cleft spine birth defect. 
There may be as many as another 
3,000 cases per year in which the 
cause is unknown but may be associ- 
ated with congenital neural tube de- 
fects, trauma, infection and tumors. 

Treatment of hydrocephalus consists 
of the surgical insertion of a device to 
divert cerebrospinal fluid from the 
brain to another part of the body. 

While these drainage devices, called 
hydrocephalus shunts, have reduced 
mortality and other consequences as- 
sociated with this condition, there are 


a number of problems. An estimated 
50 percent of hydrocephalus patients 
require at least one reoperation to re- 
place or repair a malfunctioning shunt. 
Obstruction of either the ventricular or 
distal catheter is the major cause of 
shunt failure. The obstruction itself re- 
sults from an accumulation of body 
tissue. 

In 1981, NASA asked the Bio- 
medical Applications Team of the Re- 
search Triangle Institute to determine 
if NASA technology could be success- 
fully applied to the development of an 
improved hydrocephalus shunt. It was 
determined that technology developed 
in NASA’s Ion Propulsion Engine Pro- 
gram might be used to perforate 
small-diameter catheters. A multi-end- 
ed inlet catheter, with hundreds of tiny 
inlets formed by ion-etching tech- 
niques, could minimize the blockage 
problem and reduce the incidence of 
shunt failure. The small holes would 



inhibit tissue ingrowth and the multi- 
plicity of holes would reduce the possi- 
bility of blockage. 

A team consisting of scientists from 
the Ion Beam Applications Section, 
NASA Lewis Research Center; the Jet 
Propulsion Laboratory; the University 
of California at Irvine; and the Pudenz- 
Schulte Medical Research Corporation 
are working on the improvement pro- 
gram. Pudenz-Schulte is developing an 
animal model for evaluation of the 
Lewis prototype shunts and will con- 
duct bench tests for shunt flow stud- 
ies. At this time, the JPL team has 
successfully formed 15-micron holes in 
a teflon shunt, an encouraging step to- 
ward a successful new design. 
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Sensor Actuated 
Medication Systems (SAMS) 


Hypertension, or high blood pressure, 
is a significant problem for the Ameri- 
can workforce. In the civilian, non-in- 
stitutional population between 25 and 
74 years of age, there are over 16 mil- 
lion people classified as having definite 
hypertension. These individuals, rep- 
resenting 14 percent of the workforce, 
are at serious risk for heart attack and 
other diseases. In 1980, the deaths of 
over 32,000 Americans were attributed 
either to hypertension or hypertensive 
heart disease. In addition to these 
deaths, many more Americans devel- 
oped chronic heart conditions, suffered 
strokes or developed kidney disease. 
Hypertension is a disease of great eco- 
nomic and social consequence for this 
nation. 

The National Heart, Lung, and 
Blood Institute, in a five-year pro- 
gram, found that death rates from hy- 
pertension could be reduced by 17 
percent through a continuous and in- 


tensive drug treatment program. 
Clinical experience, however, shows 
that it is difficult to maintain such a 
program in the normal workforce. 

Since hypertension in itself has no 
symptoms, most individuals have con- 
siderable difficulty in maintaining a reg- 
ular medication schedule. Since they 
feel fine, what is the urgency in taking 
the medicine? 

In an attempt to improve the control 
of hypertension through the continu- 
ous administration of medical agents, 
the Technology Utilization Program of 
the NASA Goddard Space Flight Cen- 
ter is supporting an effort to develop 
an implantable device for the treat- 
ment of hypertension. The Applied 
Physics Laboratory of the Johns 
Hopkins University is serving as proj- 
ect leader. The implantable device re- 
leases antihypertensive medication in 
accordance with signals received from 
a blood pressure sensing component. 
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With this system, the medication is 
continuously available and is adminis- 
tered in direct response to the needs 
of the body. This represents closed- 
loop control of hypertension through a 
sensor actuated microprocessor con- 
trolled medication infusion system. 

In order to achieve the highest relia- 
bility, the SAMS development effort is 
using spacecraft-type microminiatur- 
ized hybrid circuitry and programming 
technology used on the Small Astron- 
omy Satellite and other spacecraft. 

The program schedule calls for clinical 
trials to be completed within the next 
five years. The resulting system will 
do much to alleviate a major medical 
problem in America. 


Implanted portion of SAMS system. 
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System for the Measurement and 
Control of Hypertension (SYMCOH) 


The optimum procedure for controlling 
hypertension would be one which con- 
tinuously monitors the blood pressure 
level and which can correct undesir- 
able increases without the use of med- 
ication. Work conducted with NASA 
support indicates such a system may 
be feasible using the technology now 
being developed. The system concept 
is based on use of biofeedback proce- 
dures. 

Biofeedback is defined as a process 
in which a person learns to influence 
or control physiological responses not 
normally under voluntary control. It is 
a type of self-regulation in which one 
learns to control activity normally me- 
diated by the autonomic nervous sys- 
tem. The physiological responses most 
frequently used in biofeedback are 
heart rate, skin temperature, blood 
pressure, and peripheral blood flow. 
Hypertension appears to be an appro- 
priate candidate for biofeedback. 


The implantable system developed 
for administration of medication for hy- 
pertension control (Sensor Actuated 
Medication System [SAMS]) can be 
modified, in principle, to accomplish 
the same control through a biofeed- 
back process. The System for the 
Measurement and Control of Hyper- 
tension (SYMCOH) includes an im- 
planted module for sensing and record- 
ing blood pressure which provides an 
alarm signal if programmed levels are 
exceeded. This signal serves as the 
basis for biofeedback control of blood 
pressure. The biofeedback can be by 
subcutaneous electrical stimulation or 
by an audiotone whose frequency or 
pulse rate is proportional to blood 
pressure. This signal, which indicates 
both the occurrence and magnitude of 
a blood pressure increase, triggers the 
biofeedback response which in turn 
serves to reduce blood pressure. 

The SYMCOH development pro- 
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gram will proceed in much the same 
manner as SAMS. The Goddard Space 
Flight Center will provide overall man- 
agement guidance, with the Applied 
Physics Laboratory of the Johns 
Hopkins University performing the 
systems engineering application and 
development. The first evaluations of 
the SYMCOH system will be con- 
ducted at the Johns Hopkins Hospital. 
As with SAMS, clinical trials should be 
completed within the next five years. 
These trials will validate the operation 
of the implanted system and its con- 
trolling software. Additionally, they will 
allow the development of efficient 
techniques for teaching an individual 
the biofeedback skills necessary for 
this system to be successful. 


Implanted portion of SYMCOH system. 
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Corneal Topography 


Aerospace technology used to mea- 
sure precisely the mirror surface of 
the space telescope is being applied to 
the development of an instrument that 
will accurately map the cornea. This 
instrument, called the Corneal Optical 
Topographical Scan System (COTSS), 
uses a laser beam to scan the eye to 
obtain information required to deter- 
mine the precise shape of the cornea. 

New surgical techniques for the 
treatment of human eye cornea disor- 
ders depend on accurate measure- 
ments of the shape of the outer sur- 
face of the cornea. An example is 
radial keratotomy in which eight to six- 
teen radial cuts are made in the outer 
layer of the cornea to cause the sur- 
face to flatten and reduce myopia. A 
very accurate mapping of the cornea is 
needed to establish the pattern of the 
cuts and to determine if the cornea is 
healing properly. 

Another application is in cornea 


transplants, where the surgeon needs 
to have quick measures to determine if 
the sutures are uniformly stretching 
the new cornea. Damage from trauma 
such as cuts, bums, and punctures 
also requires quick diagnosis and accu- 
rate measurements of the extent of 
the damage. 

The advent of faster and more accu- 
rate measurement techniques will even 
improve the fitting of contact lenses. 
Instruments now in use by ophthalmic 
surgeons do not provide the required 
accuracy or the necessary high speed, 
real-time rate of data collection. 

Engineers at the NASA Marshall 
Space Flight Center developed an ini- 
tial prototype of the Comeal Optical 
Topographical Scan System. As the 
laser beam on this instrument scans 
the cornea, radiant energy that the 
eye reflects from the laser beam is 
measured and processed in a special 
purpose computer. Within a few sec- 



onds after the eye is scanned, a de- 
tailed topographical representation of 
the cornea is displayed on a color tele- 
vision monitor. This can be used im- 
mediately by the physician or, if he re- 
quires quantitative data for use in a 
lens prescription, the data stored in 
the special purpose computer can be 
analyzed and the results printed in 
hard copy. 

Electro-Optics Consultants, Inc. , a 
small business firm in Huntsville, Ala- 
bama, is under contract to the Tech- 
nology Utilization Office of the 
Marshall Space Flight Center to con- 
struct a breadboard instrument for 
evaluating problems and demonstrating 
the concept. Following this, this com- 
pany will repackage the system into a 
prototype that can serve as a basis for 
mass production. 
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Nuclear Magnetic Resonance (NMR) 
Imagery 


The traditional means of examining in- 
ternal body systems has been through 
use of X-ray imagery based on the dif- 
ferential absorption of X-rays by body 
systems of different density. Routine 
X-ray images, however, do not dis- 
criminate well among overlapping 
structures. Computerized tomography 
(CT scanning), in which a number of 
images are reconstructed mathemati- 
cally to yield cross-sectional views of 
selected body regions, provides great- 
ly improved information. Although the 
information is very useful, scanning 
images still do not provide information 
concerning the functional or phys- 
iological state of internal organs, par- 
ticularly if pathological lesions exist 
which have X-ray absorption proper- 
ties similar to surrounding tissue. 

Also, there is a measure of risk in 
using extensive X-ray procedures. 

Nuclear magnetic resonance (NMR) 
imaging is a new technique for obtain- 
ing cross-sectional pictures within the 
body without use of ionizing radiation. 
NMR procedures are based on findings 


in the 1920’s that many atomic nuclei 
have an inherent property of rotation 
which, since nuclei are electrically 
charged, generates a small magnetic 
field. Nuclei with an odd number of nu- 
cleons (protons or neutrons) produce 
this magnetic effect. Hydrogen nuclei 
are excellent for these purposes, a for- 
tuitous event for medicine, since hy- 
drogen nuclei predominate within the 
human body. 

In nuclear magnetic resonance, a 
magnetic field is imposed on a sample 
in order to orient the nuclei in a direc- 
tion parallel to the applied magnetic 
field. The composite spin vector is 
then tipped (processed) through the 
application of selected radio-frequency 
power. The nuclei reveal their location 
by emitting a signal of precise frequen- 
cy for a brief period. 

Scientists at the NASA Kennedy 
Space Center and the University of 
Florida are applying NASA multi-spec- 
tral image processing technology to 
analyze NMR medical data. NMR im- 
agery includes sets of data for proton 
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density and relaxation times (T x and 
T 2 ) that are in registration for multiple 
sections through an organ or body re- 
gion of interest. This is analogous to 
satellite images which include data 
sets based on measures of visible 
light, near infrared, and far infrared 
energy. Advanced image processing 
systems for the analysis of satellite 
data are being adapted for purposes of 
combining the different data sets in 
NMR imagery to obtain a single color 
picture. Results indicate that NMR 
imaging may be especially useful in 
identifying malignancies and degener- 
ative disease of various kinds. The 
soft-tissue contrast is inherently supe- 
rior to that of X-ray techniques. NMR 
is a new medical diagnostic tool which 
has great potential for solving medical 
problems having no current solution. 
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Self-Injurious Behavior 
Inhibiting System (SIBIS) 


Children diagnosed as severely re- 
tarded, autistic, or schizophrenic fre- 
quently show a dramatic form of psy- 
chopathology termed self-injurious be- 
havior (SIB). Eight to fourteen 
percent of retarded institutionalized 
persons suffer this problem. The be- 
havior can take many forms, with 
striking one’s head against a wall a typ- 
ical example. If uncontrolled, the be- 
havior can produce severe injuries, 
blindness, and possibly even death. 

The obsessive and repetitive character 
of SIB bars all possibility for intellec- 
tual and social development. 

Many procedures have been used 
for the control of self-injurious behav- 
ior. The principal method is restraint, 
which offers no therapeutic benefit. 
Drugs can be effective but must be ad- 
ministered in such doses that all activi- 
ty is curtailed. Behavioral modification 
procedures offer a real measure of 
hope but, in general, operate too grad- 
ually for practical use with severely re- 
tarded children. The most successful 
procedure involves the use of aversive 
electrical stimulation (shock) triggered 


by an act of self-injurious behavior. 

Such stimulation suppresses the be- 
havior almost immediately. The prob- 
lem here is that existing equipment for 
administering the stimulation requires 
another person to be present to apply 
the aversive shock. The equipment it- 
self is large, cumbersome, and fre- 
quently unreliable. 

The NASA Technology Utilization 
Program is supporting the Applied 
Physics Laboratory of The Johns 
Hopkins University in the development 
and test of an improved system for in- 
hibiting self-injurious behavior. This 
program was undertaken at the re- 
quest of the American Foundation for 
Autistic Children. The objective is to 
develop a new method for administer- 
ing the stimulation. This system will 
use aerospace technology and will 
make the aversive stimulation self-ad- 
ministering. A sensor module consist- 
ing of an accelerometer and a trans- 
mitter small enough to fit into an 
elastic headband will be used. This de- 
vice could also be placed on the arm or 
other areas as desired. When a SIB 



event is detected through an acceler- 
ometer signal, the sensor electronics 
will transmit a coded signal to the 
stimulation module. Upon receipt of 
the correct coded message the stim- 
ulation module will produce the appro- 
priate aversive stimulation to the pa- 
tient’s arm. The system also will 
incorporate an event recorder to study 
the patient’s behavior when using the 
device. 

The advantages of SIBIS are many. 
It operates automatically and does not 
significantly restrict a patient’s activi- 
ties. The intervention of another per- 
son is not required. Finally, it offers 
hope for recovery and allows the social 
development of a child to continue. 


Self-Injurious Behavior Inhibiting System 
(SIBIS). 
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Helicopter Medevac 


Helicopters have played, and are pro- 
jected to play, important roles in such 
public service activities as emergency 
medical service (EMS), search and 
rescue, law enforcement and public 
safety and disaster relief. In emergen- 
cy medical service alone, studies show 
that in 1980 the annual death rate due 
to accident trauma was greater than 
100,000 individuals. Trauma is esti- 
mated to cost U.S. society some $87 
billion annually according to Depart- 
ment of Transportation Statistics. With 
prompt, on-the-scene treatment and 
rapid transport to shock trauma cen- 
ters, it is estimated that a 50 percent 
reduction in death and a substantial re- 
duction in permanent disability and 
length of hospital stay, as well as sub- 
stantial cost savings and gaining the 
use of the services from the injured, 
could be realized. This is a unique ca- 
pability the helicopter has served and 
can serve even more effectively. 

NASA has supported studies and 
workshops directed at identifying the 
uses, user requirements, benefits, and 
technology needs of helicopters serv- 


ing the public sector. The studies 
show that the nearer-term technology 
development needs for various public 
service vehicles are very similar and 
are reflected in those for EMS helicop- 
ters. The 1981 EMS Workshop con- 
cluded that special action was needed 
to develop more effective EMS heli- 
copters. It was recommended that 
NASA serve to bring the involved par- 
ties together to better define system 
needs and pursue the helicopter tech- 
nology developments required. 

Vehicles used for public service mis- 
sions have historically been developed 
by the Department of Defense for mil- 
itary applications and have been uti- 
lized in the civil public sector with a 
minimum of modifications. However, 
the studies and workshops recom- 
mended that vehicles be specifically 
designed to meet the civil public ser- 
vice user requirements. 

Recognizing this growing need, the 
NASA Technology Utilization Division 
and the NASA Ames Research Center 
are sponsoring an effort to identify 
those technologies that, if properly ap- 



plied, could result in an improved pub- 
lic service helicopter. Working closely 
with both the U.S. helicopter and 
medical device industry, this program 
not only includes technology develop- 
ment in the helicopter airframe, but 
also addresses special onboard equip- 
ment needs such as improved portable 
medical diagnostic equipment. 

As part of this project, NASA spon- 
sored a special workshop in March 
1984 entitled “Helicopter Medical 
Equipment Needs Workshop.” The 
findings of this workshop will be used 
to develop special focus projects that 
address these equipment needs. 
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Medical Measurement 
With Ultrasonics 


Ultrasonic technology, using sound 
waves just above the limits of human 
hearing, increasingly is employed in 
new medical procedures. An ultrasonic 
pulse, typically at a frequency of 10 to 
20 MHz, is transmitted into the body 
from a clamped transducer. The emit- 
ted pulse moves through a coupling 
path, serving as a delay line to sepa- 
rate ultrasonic data from high frequen- 
cy electromagnetic signals, before en- 
tering the skin to be characterized. As 
the pulse moves through the tissue, 
echo reflections are recorded. These 
echo patterns change as the signal is 
reflected from a different type of 
tissue, e.g., necrotic versus viable 
tissue. With ultrasonics, a resolution 
of approximately 0. 1 mm can be 
achieved in soft tissue. 

Ultrasound Determination of Bum 
Depth 

The treatment of bum injuries is a ma- 
jor medical care problem. Each year, 
approximately seventy thousand pa- 
tients in the United States receive in- 
tensive care for burns. Recovery can 
be significantly influenced by the treat- 
ment received. Full-thickness bums, 
those in which the entire dermal layer 
is destroyed, are treated through early 
removal of necrotic tissue and subse- 


quent skin grafting. This minimizes 
the risk of infection, the major cause 
of death in bum victims. However, 
grafting is not the optimum procedure 
when there is only partial tissue de- 
struction. Unfortunately, clinical judg- 
ments of bum depth based on surface 
appearance and tactile sensation are 
unreliable and imprecise. The appro- 
priateness of treatment requires an ac- 
curate method of determining the ex- 
act depth of a bum injury. 

A physicist at the NASA Langley 
Research Center developed a concept 
for determining skin bum depth using 
ultrasound. He noted that the acous- 
tical impedances of burned dermis, 
viable dermis, and subcutaneous fat 
differ sufficiently to detect the inter- 
face between burned tissue and the 
underlying unbumed tissue. With this 
measurement system, an early deter- 
mination could be made of bum depth, 
allowing immediate excision of full- 
thickness bums and consequent reduc- 
tion in mortality, leading to a more 
rapid and complete rehabilitation of the 
patient. 

The Technology Utilization Officer 
at the Langley Research Center re- 
quested the assistance of the Re- 
search Triangle Institute Biomedical 
Applications Team in an evaluation of 
the ultrasound bum measurement sys- 



tem. A team of medical clinicians has 
been assembled for this evaluation. 
The U.S. Army Institute of Surgical 
Research was selected as the primary 
collaborator. Approximately 225 se- 
riously burned patients are admitted to 
this facility annually. Clinical trials here 
will examine the effectiveness of this 
measurement system and determine 
appropriate procedures for its use be- 
fore the system is released to industry 
for marketing. 


Ultrasonic Temperature 
Measurement in Cancer Therapy 

Localized application of heat (hyper- 
thermia) has been demonstrated to be 
effective in destroying malignant tumor 
cells while leaving normal cells intact. 
The destruction of malignant cells oc- 
curs because these cells have an inad- 
equate blood supply and are unable to 
conduct away much of the applied 
heat. Microwave energy typically is 
used to provide the hyperthermia 
treatment. 

The treatment of cancer with hyper- 
thermia requires the temperature to 
be maintained within a narrow range of 
43 to 44°C over a period of time, per- 
haps an hour or more. If the tem- 
perature falls, little cell destruction oc- 
curs; if it rises, normal tissue 
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destruction results. The success of hy- 
perthermia as a cancer treatment has 
been limited to date due to poor tech- 
niques for monitoring temperature at 
the tumor site. Ultrasound, however, 
has the potential for providing long- 
term accurate temperature monitoring 
with minimum risk to the patient. 

A technique, based on research in 
ultrasonics at the NASA Langley Re- 
search Center, may allow continuous 
monitoring of hyperthermia. This pro- 
cedure uses an ultrasound probe sys- 
tem to monitor, at brief intervals, the 
melting of masses of selected lipids, or 
fat substances. Each lipid is refined so 
as to have a sharp melting point within 
the temperature range of interest. 
These contrast with natural body fat 
which is a complex mixture with no 
sharply defined melting point. Before 
treatment, the lipids are placed by in- 
jection in a tight pattern very close to 
the tumor. This pattern then is 
scanned by ultrasound periodically dur- 
ing the hyperthermia therapy. As lipid 
masses change from a solid to a liquid 
state, the ultrasonic echo pattern 
changes correspondingly. Thus, at any 
given time during therapy, a scan with 
ultrasonics will show which of the 
lipids are in the solid state and which 
are in the liquid state. The heat source 
then can be adjusted to maintain close 


control over the temperature at the 
hyperthermia site. 

The lipid masses are biocompatible 
and can remain in a patient for several 
weeks until naturally absorbed. They 
also can undergo multiple changes in 
state, back and forth from solid to liq- 
uid, before they become dispersed. 
They are thus available as temperature 
indicators during several sessions of 
hyperthermia. 

The NASA Langley Research Cen- 
ter is coordinating the evaluation of 
the ultrasonic temperature monitoring 
effort. Tests to determine the ability of 
the system to measure phase changes 
in embedded indicator lipid beads are 
ongoing. 

Intracranial Pressure 
Measurement with Ultrasound 

Investigators at the Medical College of 
Virginia are working with NASA's 
Langley Research Center to explore 
the feasibility of utilizing ultrasound 
technology to evaluate traumatic head 
injuries. Measurement of intracranial 
pressure (ICP) is important in the 
management of the head injured pa- 
tient. Currently, ICP is usually mea- 
sured through direct placement of the 
cannula in the lateral ventricle of the 
brain. The cannula is coupled exter- 


nally to a conventional strain gauge. 
This invasive procedure has a number 
of disadvantages, including the risk of 
infection. A non-invasive technique for 
ICP measurement would be a contri- 
bution to the improved management of 
the head injured patient. 

Scientists at NASA’s Langley Re- 
search Center postulate that a change 
in intracranial pressure will effect a 
systemic change in tissue acoustical 
properties. It may be possible to mea- 
sure these shifts in acoustical proper- 
ties by non-invasive measurement at 
the skull using ultrasound. The shifts 
in acoustical properties could then be 
correlated with changes in ICP, thus 
providing the physician with a non-in- 
vasive technique for monitoring head 
injuries. The pulse-doppler technique 
proposed by the NASA scientists for 
measuring the alterations of acoustical 
properties and radial stress of the skull 
was developed initially for non-de- 
structive testing of aerospace compo- 
nents. 
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Functional Electrical 
Stimulation 


The classic demonstration of muscle 
contraction in response to electrical 
stimulation was done by the Italian 
physician Galvani in approximately 
1790. At that time, interest centered 
on describing the physiological charac- 
teristics of nerve and muscle fiber. 
Since then, attention has shifted to 
practical uses for electrical stimulation 
techniques. 

One of the first biomedical applica- 
tions of functional electrical stimulation 
began in the early 1960’s in a program 
to control peroneal palsy, frequently 
called “drop foot. ” In this program, 
functional dorsiflexion (foot lift) was 
obtained by means of currents gener- 
ated by a portable electrical stimulator. 
Appropriate muscles were stimulated 
by electrodes placed against the exter- 
nal surface of the leg. At a later time, 
an implantable version of the device 
was used. 

The success of the peroneal stim- 
ulator led to consideration of a multi- 



channel device which would control 
more than one paralyzed muscle. A 
multi-channel system could be used in 
the support and rehabilitation of cases 
where full loss of limb function was in- 
volved. 

The Veterans Administration Medi- 
cal Center in Cleveland, Ohio, in coop- 
eration with Case-Western Reserve 
University, has been working on a 
functional electrical stimulation system 
for the lower extremities. They have 
demonstrated that a computer-con- 
trolled multi-channel externally 
mounted stimulator can be used to 
make a lower-limb paraplegic stand and 
even walk a few steps. This repre- 
sents a significant advance in the reha- 
bilitation of cases with spinal cord in- 
volvement. 

The current stimulation system con- 
sists of a rather cumbersome combina- 
tion of a backpack control box, surface 
electrodes, force shoes, crutches and 
a maze of wires. The next logical step 



in the development of stimulation tech- 
nology is to produce a simplified con- 
trol system which can be implanted in 
a patient. The National Aeronautics 
and Space Administration is collaborat- 
ing with the Veterans Administration 
Rehabilitation Research and Develop- 
ment Service and the Case-Western 
Reserve University to develop an im- 
proved implantable device. NASA is 
providing packaging techniques and 
electronics reliability technology, taken 
from spacecraft development pro- 
grams, to insure a workable design for 
a stimulation system. 

The immediate goal of the collabora- 
tion effort is to develop a standardized 
implantable stimulator that can be used 
by researchers in many investigations 
of functional electrical stimulation on 
limbs, muscles and joints. The long- 
range goal of this program is to allow 
lower-limb paraplegics to stand reliably 
and to have a limited walking capability. 
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